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Abstract 
Limonene, a cyclic monoterpene is the main component in citrus oils. Oranges (Citrus sinensis) 
were sourced from a local market, peeled and the peels collected for this study. The orange peels 
were distilled using steam distillation to obtain the oil. The oil obtained was then distilled to obtain 
a pure colourless form of limonene (95%). The limonene (2 ml) was dissolved in dry chloroform 
(25 ml) and freshly distilled hydroiodic acid (57%; boiling point 127 °C) to give the derivative 
iodo-limonene (1.4 g; 30% yield). Another reaction of epoxidation of limonene was carried out by 
reacting limonene with hydrogen peroxide and acetic acid to give limonene epoxide (2.3 g; 36% 
yield). FT–IR analyses and GC-MS analyses were carried out to confirm the properties of the 
limonene. Antifungal tests on limonene against two fungi: Trichoderma harzianum (T. harzianum) 
and Marcophomina phaseolina (M. phaseolina) were carried out using poisoned food technique. 9 
ml of potato dextrose agar (PDA) and 1 ml of limonene extract were used on both fungi. Petri 
dishes of agar without limonene served as control. Biological activities of the species  were: T. 
harzianum culture 1 day 1-4: 0.00 mm ≡ no growth, day 5:1.5 mm → slight growth; T. harzianum 
culture 2 day 1–5: 0.00 mm ≡ no growth; M. phaseolina culture 1 days 1–4: 0.00 mm ≡ no growth, 
day 5:1.5 mm; M. phaseolina culture 2 days 1–3: 0.00 mm ≡ no growth, day 4: 1.50 mm → slight 
growth, day 5: 2.10 mm  progressive growth. Results showed that both fungi were active in all 
media. Percentage inhibition of limonene against both fungal species using 1 ml of limonene was 
95% for T. harzianum and 89% for M. phaseolina. 
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Introduction 
Limonene, one of the most abundant naturally 
occurring components of cannabis essential 
oils, is a plant product of terpenes. It is 
present in concentrations as high as 16% of 
essential oil fractions. Limonene is a clear, 
colourless hydrocarbon classified as a cyclic 
monoterpene, and is the major component in 
oil of citrus fruit peels most widely distributed 
in nature. It occurs naturally in orange peels, 
lemon, dill, mint, cumin and neroli. Limonene 
occurs in two optically active forms, (S–(–)–
limonene and R–(+)-limonene). It also has 
two isomeric forms (D–isomer and L–isomer). 
D–limonene, a monocyclic terpene, occurs 
more commonly in nature. It is the fragrance 
of oranges and is used as a flavouring agent in 
food manufacturing (Ludwiczuk et al. 2017). 
Studies have shown that D–limonene is toxic 
to animals such as dogs (680 g/kg dosage) and 
cats. Also it has insecticidal properties and 
acts primarily as a desiccant for all life stages 
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of insects such as flea, ticks, etc. Therefore, it 
is a component of some products made from 
citrus oils such as soaps, shampoos, cleansers, 
solvents, fragrances, and insecticides 
(Plumlee 2013). The less common L-isomer is 
found in mint oils and has a piney, turpentine-
like odour. Anti-tumour activities of the 
compound in several animal tumour models 
and in vitro experiments have been reported 
(Amanzadeh et al. 2006, Barceloux 2008).  
The structure of limonene is as shown in 
Figure 1. Limonene, a cyclohex-1-ene 
substituted by a methyl group at position 1 
and an isopropenyl group at position 4, has a 
molecular formula of C10H16. Therefore, the 
name of the compound is 1-methyl-4-
(isopropenyl) cyclohex-1-ene. It has an 
average mass of 136.23404 g/mol. 
 
Limonene  
Figure 1: Structure of limonene 
 
There is convincing epidemiological evidence 
that the consumption of orange fruit is 
beneficial to health and contributes to the 
prevention of degenerative processes, 
particularly lowering incidence of 
degenerative process, cardio and cerebro-
vascular diseases. The protection that the 
orange fruit provides against these diseases 
has been attributed to the various antioxidant 
phytonutrients contained in citrus species 
(Falk-Filipsson et al. 1998, Obidi et al. 2013).  
In some parts of the world, sweet oranges 
(Citrus sinensis) are cheaply available, and 
can serve as major sources of vitamins in 
diets. Orange fruit and its juice have several 
beneficial, nutritive and health properties. 
They are rich in vitamins, especially ascorbic 
and folic acids. Over the last decades, many 
other applications and medicinal benefits of 
orange fruits have been discovered besides 
their anti-scurvy properties (Ezejiofor et al. 
2011). In Nigeria, orange peels are wastes 
thrown into the rubbish heaps to rot or be 
burnt. The aim of this study was therefore to 
extract and characterise limonene oil, evaluate 
its antifungal potentials (using the fungi 
Trichoderma harzianum and Macrophomina 
phaseolina), prepare limonene derivatives 
(iodo-limonene and epoxylimonene) and 
compare their organoleptic properties with the 
limonene oil.   
 
Materials and Methods 
Source of materials 
The orange peels used for analysis were 
obtained from oranges sold at Uselu market, 
an indigenous market in Egor Local 
Government Area, Benin City Edo State, 
Nigeria in May, 2018.  
 
Fungi isolates 
The two fungi used for antimicrobial 
investigations (i.e., Trichoderma harzianum 
and Macrophomina phaseolina) were 
procured from Blue Bird Laboratory, Isiehor, 
Benin City, Edo State, Nigeria. Trichoderma 
harzianum is a genus of fungi in the family of 
Hypocreaceae. It is present in all soils where 
they are the most prevalent culturable fungi. 
The genus Trichoderma harzanium has 
gained novel biological properties and 
technological applications. It is an efficient 
biocontrol agent that can act against target 
organisms in diverse ways. Strains of 
Trichoderma are capable of producing 
antifungal antbiotics and extra cellular 
enzymes. 
Morphological characteristics of Trichoderma 
harzianum show that it is a rapidly growing 
fungal strain on PDA plate (within a 42 hour 
whole PDA plate covered with mycelium) and 
form white cottony mycelium with green 
conidial production; with the conidial 
production denser at the centre than towards 
the margins (Koshle et al. 2016). 
Marcophomina phaseolina is a 
botryosphaeriaceae plant pathogen fungus that 
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causes damping off, seedling blight, collar rot, 
stem rot, charcoal rot, basal stem rot and rot 
stem in many species of plants (Javaid and 
Rehman 2011). Marcophomina phaseolina 
grows on the roots surface, and germ tubes on 
the end of the microsclerotia form appresoria 
that penetrate the host epidermal cell wall.  
 
Extraction of oil from orange peels 
The fresh orange peels were obtained from 
oranges and washed with clean water. The 
peels were then cut into bits and put into a 1 
litre round bottomed flask. The flask was 
filled with water to about ¾ capacity and the 
peels were allowed to soak overnight to allow 
(for) enough saturation in the water. 
Thereafter, the apparatus was set up for steam 
distillation (Ezejiofor et al. 2011). Heat was 
supplied through a hot plate. The oil distilled 
with water at 100 ºC. The resulting distillate 
was transferred into a separating funnel and 
allowed to stand for complete separation. The 
upper oil layer was removed and stored and 
the lower layer was run off. This procedure 
was repeated three times to obtain enough oil 
for the derivatives. The total oil obtained was 
then washed with water, dried over MgSO4 
overnight, filtered and purified by distillation 
at 176 ºC to obtain 95% limonene. 
 
Synthesis of iodo - limonene from limonene 
oil 
0.5 ml of the limonene was measured out into 
a beaker and 1 ml of hydroiodic acid was 
added and stirred together. Also, 0.5 ml of 
chloroform was added to the mixture above. 
After a while, the chloroform mixture was 
then heated gently. A capillary tube was used 
to spot the compound on a Thin Layer 
Chromatography (TLC) paper. The spotted 
TLC paper was placed in a beaker containing 
2 ml of chloroform with the spots directly 
inserted. There was an observed flow of 
chloroform through the paper. When the flow 
had barely reached the near end of the paper, 
the paper was removed, air-dried and 
transferred to an iodine chamber. The spotting 
movement was then observed and the result 
recorded. Reaction of limonene with 
hydroiodic acid to give iodolimonene (1.4 g; 




Iodolimonene   
Figure 2: Reaction of limonene with 
hydroiodic acid to give iodolimonene. 
 
Epoxidation of limonene 
Epoxidation was carried out following basic 
epoxidation methods with slight modification. 
Acetic acid (60 ml) was added to 30 ml of 
hydrogen peroxide and mixed.  5 ml of the 
limonene was then added and the mixture was 
heated at 70 – 80 °C for 3 hrs. The reaction 
was monitored with spotting on TLC until the 
starting material had disappeared (3 hrs). The 
volume was reduced by distillation under 
reduced pressure. The remaining liquor was 
treated with saturated Na2CO3. After the 
initial effervescence had subsided, the mixture 
was cooled and extracted with chloroform, 
dried over MgSO4 solvent to give a colourless 
liquid (yield 2.3 g; 36%). Retention factor, Rf: 
0.45 (CHCl3/C4H8O2) (Katsuki and Sharpless 






Figure 3: Epoxidation of limonene. 
 
Antifungal investigations 
The antifungal investigation was determined 
by poisoned food technique as described by 
Mohana and Raveesha (2007) and Đurović-
Pejčev et al. (2014) with slight modifications. 
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First, the petri dishes were sterilized overnight 
in a sterilizing chamber at 121 ºC. 9 ml each 
of the potato dextrose agar (PDA) was 
measured and poured into eight sterilized 
plates and then allowed to cool and solidify. 
Out of the eight petri dishes, four were used to 
analyse each fungi. After complete 
solidification of the medium, 1 ml of 
limonene (quantitative estimate chosen) was 
introduced into two of the petri dishes and 
mixed thoroughly with the PDA. The 
remaining two dishes containing PDA without 
limonene were used as control. Using a 
sterilized borer, the fungal spore (0.5 mm) 
was picked and placed in the four dishes. All 
four dishes were incubated at 25 ºC and the 
growth was monitored for five days. The 
above procedure using the first four petri 
dishes was for the analyses of Trichoderma 
harzianum. This same procedure was repeated 
for the analyses of Macrophomina phaseolina 
using the remaining four petri dishes. The 
fungal growth was recorded and the 
percentage inhibition was calculated using the 
formula: 
                       
  - 
  
 
   
 
 
where: C = average increase in fungal growth 
in control plate and; 
T = average increase in fungal growth in 
treatment plate. 
 
Results and Discussion 
Results obtained from the analyses are as 
shown in Tables 1- 4 and Figures 4, 5, 7 and 
8. Identifications were carried out in terms of 
state, odour, texture and colour. Organoleptic 
properties of limonene compared with the oil 
extract from the analyses are as shown in 
Table 1. Also Table 2 shows the organoleptic 
properties of the limonene derivatives 
prepared and yields obtained. Table 1 shows 
organoleptic properties of limonene obtained 
from the analysis compared with theoretical 
properties. 
 
Table 1: Comparative analysis of organoleptic properties of limonene obtained from extraction 
with theoretical properties 
Properties Limonene Limonene oil (extract) obtained 
State Liquid Liquid 
Odour Fruity lemon smell Fruity lemon smell 
Texture Oily Oily 
Colour Slight golden yellow –colourless Colourless 
 
Table 2: Organoleptic properties of limonene derivatives prepared 
Properties Iodo-limonene Epoxylimonene  
State Liquid Liquid 
Odour Characteristic odour Metallic smell 
Texture Oily Oily 
Colour Slight purple Colourless, clear liquid 
Yield 1.4 g; 30% 2.3 g; 36% 
 
The FT-IR results of the limonene oil are as 
presented in Figure 4. This analysis was 
carried out to obtain the different functional 
groups in the sample. Limonene showed a 
characteristic peak at 3082 cm
–1
 which shows 
C-H stretch with sp
2





 shows a C-H stretch 
with sp
3
 hybridization. Peak 1643.8 cm
–1
 
shows the presence of C=C of alkenes. The 
peak at 1375.4 cm
–1
 and 1438.8 cm
–1
 show 
CH2 and CH3 bonds in the compound. Also 
peaks at 887.1 cm
–1
 and 797.7 cm
–1
 show 
mono-substituted and tri-substituted alkenes, 
respectively. 
 





Figure 4: FT-IR spectrum of limonene. 
 
Figure 5 shows the mass spectrum result for 
the analysis of limonene. From the spectrum, 
it is seen that the GC-MS analysis of 
limonene gave a maximum peak at m/z 138, 
which is in correlation with the theoretical 
molar mass of limonene at 136 g/mol. 
Therefore, the extracted limonene has a molar 
mass of 138 g/mol which helps to confirm 
that the structure analysed was limonene. The 
slight difference (+2) in the molar mass 
should be due to fragmentation. Limonene 
undergoes Retro-Diels-Alders reaction at the 
mass spectrometry fragmentation to give two 
molecules of isoprene (Figure 6). All the 
molecules involved except limonene are short 
lived. The transition state is recorded as M + 2 
(Silverstein et al. 1974). 
 






M+2 138  
Figure 6: Retro-Diels-Alders fragmentation in limonene. 
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Results of antifungal analysis 
Results presented in Table 3 show that the 
Trichoderma harzianum reached full growth 
at day 4 of incubation in control 1 and control 
2 (cultures without treatment with limonene). 
However for treated 1 (first culture treated 
with limonene) no growth was observed from 
day 1 to day 4 but from day 5 growth of 1.50 
mm was observed. Also for treated 2 (second 
culture treated with limonene) no growth was 
observed from day 1 to day 5 of incubation. 
This result showed that reasonable growth 
inhibition against Trichoderma harzianum 
was achieved in both cultures treated with 
limonene. The percentage inhibition of 
limonene was 95%. The growth and inhibition 
results of the Trichoderma harzianum are as 
presented in Figure 7. 
 
Table 3: Antifungal test results using 1 ml of limonene on Trichoderma harzianum 
Days Control 1 Control 2 Treated 1 Treated 2 
 Diameter of zone of growth in mm 
Day 1 5.30 4.50 0.00 0.00 
Day 2 7.90 7.10 0.00 0.00 
Day 3 10.50 9.90 0.00 0.00 
Day 4 17.00 17.00 0.00 0.00 
Day 5 17.00 17.00 1.50 0.00 
 
 
Figure 7: Growth and zone of inhibition of Trichoderma harzianum. 
 
Also in Table 4, Macrophomina phaseolina 
reached full growth at day 5 of incubation in 
controls 1 and 2 which were cultures not 
treated with limonene. For treated 1 (first 
culture treated with limonene) no growth was 
observed from day 1 to day 4 but from day 5 
growth of 1.50 mm was observed. For treated 
2 (second culture treated with limonene) no 
growth was also observed from day 1 to day 3 
of incubation. From day 4, growth of 1.5 mm 
was observed and at day 5 the growth was 
2.10 mm. This also indicated that reasonable 
growth inhibition of Macrophomina 
phaseolina was achieved in both cultures 
treated with limonene. The percentage 
inhibition of limonene was 89%. The growth 
and inhibition results of the Macrophomina 














Treated 2 Treated 1 Control 2 Control 1 
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Table 4: Antifungal test results using 1 ml of limonene on Macrophomina phaseolina 
Days Control 1 Control 2 Treated 1 Treated 2 
 Diameter of zone of growth in mm 
Day 1 7.20 7.90 0.00 0.00 
Day 2 8.50 8.50 0.00 0.00 
Day 3 11.80 12.00 0.00 0.00 
Day 4 13.20 14.30 0.00 1.50 
Day 5 17.00 17.00 1.50 2.10 
 
 
Figure 8: Growth and zone of inhibition of Macrophomina phaseolina. 
 
The full growth of both fungi in the control 
samples from day 1 to 5 shows their pattern of 
growth on a normal Potato Dextrose Agar 
(PDA) without limonene. Therefore, the 
biological activities described above for both 
cultures treated with 1 ml of limonene and 9 
ml of potato dextrose agar (PDA) using the 
poisoned food technique indicate positive 
inhibition effect of limonene against the two 
fungal species (Trichoderma harzianum and 
Macrophomina phaseolina) used in this study 
and the diameter of growth in inhibition zones 
ranged from 1.50 mm to 2.10 mm. Also 
percentage inhibition of limonene against 
both fungal species using same amount of 
limonene (1 ml) was 95% against T. 
harzianum and 89% against M. phaseolina. 
Essential oils from different plant parts are 
known for their antimicrobial activities but 
the antifungal effects of essential oil from 
citrus species may vary with different 
parameters such as specific organisms used, 
extraction conditions, antifungal test method, 
chemicals used, geographical distribution, etc. 
This could also affect different measured 
inhibition values. Also fungus families 
express different behaviours towards the same 
tested essential oils (Souza et al. 2005, Jing et 
al. 2014). The results obtained in this study 
are in agreement with the inhibitory effects 
reported by Singh et al. (2010) where 
limonene and citral combination (1:1) 
strongly inhibited Helminthosporizium oryzae 
and Trichoderma viridae (100% inhibition) 
and Tao et al. (2014) where limonene 
inhibited Penicillium italicum (100% 
inhibition) as shown in Table 5.  
Other similar studies are as summarised in 
Table 5. The table shows that the quantitative 
and qualitative differences of essential oil 
fractions and their antifungal capacities varied 
according to the distribution of the 
components of each fraction.  
 
 






Treated 2 Treated 1 Control 2 Control 1 
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Table 5: Previous studies on antimicrobial investigation of citrus essential oils and extracts 
 
 
Location Citrus species 
studied 

















Brazil Citrus limon 
Burm. 
 Citral, eugenol Aspergillus niger Agar diffusion 
method 
Inhibition halo = 10 mm  Souza et 
al. (2005) 
India Citrus sinensis 
Osbeck 
 




100% inhibition at 2.5 to 
3.0 µg/ml of oil. These 
concentrations were 
fungicidal under the test 
conditions. 





India Citrus reticulata 
Blanco 












*MIC = 0.2 ml/100 ml 
(0.2%) 
 
MIC > 0.2 ml/100 ml 
Chutia et 
al. (2009) 
India Citrus sinensis 
Osbeck 







spectrum. 100% inhibition 
at 750 ppm. D-Limonene 
inhibited aflatoxin B1 at 
250 ppm. 
IC50 of C. maxima and C. 
sinensis oils were 8.84 and 













Orange peels Limonene (31.83%), 
citral (31.0%) 




Pummelo peels Limonene (31.83%), 
citral (31.0%) 
Trichoderma viride Poisoned food 
assay 
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Table 5 (Ctd) 
*MIC = Minimum inhibitory concentration 
Location Citrus species 
studied 




Fungi  species tested Method used Results obtained Reference 
China Citrus  sinensis 
Osbeck 






method, broth  
microdilution 
Inhibition zone = 18.99 
mm, *MIC = 9.33 
µL/mL 
 











100% inhibition at 2.5 
µL/mL  
Tao et al. 
(2014) 
Vietnam Citrus sinensis 
Osbeck 
 
Orange peels Limonene (90.42%), 
myrcene (2.81%) 
Mucor  hiemalis Agar dilution 
method 
36.5% inhibition at 






Lemon peels Limonene (41.4%), β-
pinene (18.54%) 
Mucor  hiemalis Agar dilution 
method 
100% inhibition at 2000 
ppm  
 
 Citrus grandis 
Osbeck 
Pummelo peels Limonene (70.46%), γ-
terpene (11.09%) 
Mucor  hiemalis Agar dilution 
method 
42.1% Inhibition at 
2000 ppm  
 





Mean zones of 
inhibition 
of Aspergillus niger and 
Alternaria alternata 
with the orange peel 
extracts were 0.33 ± 
0.33 cm and  0.50 ± 
0.50 cm, respectively 
Oladele et 
al. (2019) 




The extraction of limonene from orange peels 
by steam distillation method gave oily liquid 
which was distilled to give 95% limonene. 
The FT-IR result also confirmed the 
functional group present in the limonene. 
Also, GC-MS analysis confirmed molar mass 
of the extracted limonene to be 138 g/mol. 
Anti-fungi analysis showed that the limonene 
has strong inhibitory properties on 




 The inhibition effect on limonene oil using 
the fungi, Trichoderma harzianum and 
Macrophomina phaseolina have been 
reported in this study. However, preparation 
of series of derivatives of limonene to 
established structure-activity relationship 
needs further study.  
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